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The fourth major finding of Carter and Sabatini
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stimulation and concomitant dendritic depolarization
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ron spines. They find that pairing of bAPs evoked from in Epileptogenesis
an upstate and glutamate receptor activation produces
a nonlinear enhancement (boosting) of Ca2 entry into
spines. Although voltage-gated Ca2 channels were ac-
tivated by bAPs (alone or in combination with glutamate Recent work has suggested a link between h channels
receptor activation), the boosting of spine Ca2 entry and epilepsy. In this issue of Neuron, Shah et al.
was entirely attributable to relief of Mg2 block at NMDA demonstrate that a robust, postseizure decrease in h
receptors. This seems counterintuitive, given that both channels during a critical phase of epileptogenesis
R- and L-type channels were activated by bAPs alone. mechanistically underlies dendritic hyperexcitability in
But, intraspine L-type channels at least are a bit puz- entorhinal-hippocampal pyramidal cells.
zling. For example, in hippocampal pyramidal neurons,
L-type Ca2 channels don’t make a measurable contri- Epilepsy affects millions of people worldwide, many of
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processes that are likely to be at the core of many dis- ion channels are involved in both inherited and acquired
abling basal ganglia diseases. forms of epilepsy, it was only recently that the hyperpo-
larization-activated, cyclic nucleotide-gated, mixed
(Na- and K-conducting) cation channels or h channels
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nels is nonuniform, and the steep somato-dendritic gra- enhanced EPSP-spike coupling, facilitating the hyper-
dient of the h current (Ih) plays a central role in limiting excitable activity observed in these neurons.
the summation of synaptic inputs in the dendrites This thorough and elegant study makes a significant
(Magee, 1999). contribution to the field in a number of ways. The find-
Before the present study by Shah et al. (2004) in this ings support the recent “dendritic revolution” in epilepsy
issue of Neuron, there were three key sets of observa- research (Bernard et al., 2004) that focuses attention on
tions that indicated the existence of mechanistic links acquired channelopathies primarily in the dendrites as
between h channels and epilepsy. First, Ih has been key mechanisms of hyperexcitable neuronal pheno-
demonstrated to undergo long-term alterations in an types. In addition, the study reveals that dramatic proex-
animal model of childhood febrile seizures (Chen et al., citatory alterations can occur during the latent period,
2001), associated with changes in HCN subunit expres- even before the onset of spontaneous recurrent sei-
sions (Brewster et al., 2002). Second, the genetic dele- zures, in the strategically positioned entorhinal cortex
tion of the HCN2 subunit resulted in animals that dis- (there is life outside of the hippocampus after all). These
played spontaneous absence seizures (Ludwig et al., results also provide new evidence indicating the crucial
2003). Third, certain antiepileptic drugs have been role of h channels in epileptogenesis, reinforcing the
shown to potently modulate h channel activity (Poolos suggestion that h channels may become (Chen et al.,
et al., 2002), which may contribute to, or perhaps even 2002), and perhaps already are (Poolos et al., 2002),
underlie, their clinical effectiveness. useful targets for therapeutic intervention in temporal
Shah and colleagues studied the role of h channels lobe epilepsy.
in the kainate model of temporal lobe epilepsy. In this All this new-h music is heavenly to our ears, but unan-
model, the kainate-induced, intense seizure period (sta- swered questions remain. Perhaps the most puzzling
tus epilepticus) is terminated by the anticonvulsant so- finding of the study was that the decreased HCN protein
dium pentobarbital, which is then followed by an appar- levels recovered by 1 week following the status epilep-
ently normal, “latent” period free of behavioral seizures. ticus, and yet the electrophysiological results showed
The molecular-, cellular-, and network-level alterations that Ih was still decreased at that time point. Since the
taking place during the latent period, which typically Western blots were done on tissue from the entire ento-
ends weeks later with the appearance of spontaneous, rhinal cortex (not just from layer III), the question arises
recurrent seizures, are likely to constitute key steps un- whether the subunits failed to form functional channels
derlying epileptogenesis. The authors focused on layer or if the h channel expression actually increased in some
III pyramidal cells in the entorhinal cortex, which have other cell types. It also remains to be determined if the
been implicated in epileptogenesis, and whose axons changes in h channels during the latent period are major
form the temporoammonic pathway that synapse on the contributors to the development of chronic epilepsy. In
distal dendrites of pyramidal cells in CA1. Importantly, addition, the interactions of the changed Ih with GABAer-
under the conditions used in the study, there was report- gic inputs also need to be considered, together with the
edly no or minimal loss of neurons from layer III of the possibility of alterations in h channels in interneurons
entorhinal cortex. and in axon terminals. Finally, from a clinical standpoint,
Although there were no behavioral or electrographic it will be crucial to determine if antiepileptic drugs that
seizures 24 hr or 1 week into the latent period, interictal- modulate h channels remain efficacious even on the
like bursts of action potentials could be recorded from altered, “epileptic” h channels.
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